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Phytoplankten Sample Analysis
Sample: Klamath Basin
Sample Site: TG
Sample Depth: 50
Sample Date: 3-Sep-00
Total Density (#/mL}: 1,353
Tetal Biovolume (um™mL): 785,013
Trophic State Index: 48.2
Density Density Biovolume Biovolume . C C -
Species #mL Percent ummL Percent Group
_'IE:J themia sorex 300 222 43.0  diatom

2 Nitzzshia frustulum 171 12.7 26  diatom

3 Diatoma tenue 157 1.8 5.7 diatom

4 Cocconeis placentula 128 0.5 74 diatom s . i .

5 Synedra uina 85 63 214 diatom MAP ID Station Microcystin Cell Count - Cell Density

8 Rhoicosphenia curvata 57 4.2 0.8 diatom D R D 50

7 Mitzschia palea &7 4.2 1.3 diatom — . i

B Mavicula decussis 43 3.2 1.0 diatom A il L NO Scum Low DE:naSlt‘{

9 Rhod ta 29 21 01 cryptophyt - y
10 Nizashia paleaces 2 21 04 gistom B Campground =360 | Some Scum - Moderate Density
11 Diatoma vulgam 29 21 7.0 |diatom — .

12 Gomphonema olivaceum 14 1.1 0.4 diatom c Regana Grounds - 2>96 NU SELIm i MOdE!’ﬂtE DEHSIT‘,"
13 MNitzschia capitellata 14 11 0.6 diatom N
14 Selenastrurn minutum 14 1.4 00 gresn Some Scum - Moderate DEHSI'['y'
15 Aphanizomenan flosaquae 14 11 R 1.4  bluegreen S d P - 2 48
18 Cymbella gnuata 14 11 8 0.3  diatom =2, 2 i
17 Qomnh_oﬁaﬂﬁa angustatum 14 1.1 2, 0.3 diatom E el Glm NG Sfum LOWDEHS|W
10 Novieula 2op ala oot : 08 diiom F East DL State Park =238 | SomeScum - Moderate Density
20 Navicul ridul 14 1.1 6,42¢ 0.8 |diat H = 5
21 |Achnanthealancaniata 111 2558 03 distom 1 Mid Lake =2.86 | Moderate Scum - Moderate Density
22 Mavicula cryptocephala 14 1.1 2,640 0.3 diatom ,
23 Nitzsohia acicularis 14 1.1 3,008 0.5 diatom 2 NE Arm =426 No Scum - Low Density
24 Pediastrum baryanum 14 1.1 2,854 0.4 green NW ﬁ' 4 Uﬂ
25 Achnanthes minutissima 14 11 714 0.1 diatom = e |
26 Synedra mazamaensis 14 1.1 3,654 0.5 diatom 3 rm a NU SEUFﬂ LGW Densltv
27 Fragilaria construens 14 1.1 8,394 0.8 diatom = H
28 Cyclotella meneghiniana 14 1.1 5,423 0.7 diatom 4 SGUthem End 3?2 NU Scum 3 LUW UEHSIW
29 Scenedesmus quadricauda 14 1.1 3,711 0.5 |grean _ .
30 Microcystis aeruginosa 1 0.8 1,553 02 bluegreen 5 East Thumb =3.86 No Scum - Low Density

S b Deepest Point =4.24 | Some Scum - Moderate Density

ote: count for toxic species.
Mote: Microcystin is only one of the many toxins produced by cyanobacteria. These tests results
Aphanizomenon flosaguae cellsml = 171 are only a snap-shot in time and are provided for guidance only. Conditions may change quickly.

Microcystis asruginosa calls'mlL = 194

Aquatic Analysts Sample ID: MASD



The problem with morphological ID

Microcystis sp.

Microcystis sp. AWT114
Pseudoanabaena sp.
A. spiroides NIEST8
= A. circinalis AWTO001
e A. circinalis AWT002
A. solitaria NIES80
_: A. spiroides NIES76
A, circinalis AWTO006
A. flos-aquae NIEST3

Cylindrospermopsis AWTO021
_: Cylindrospermopsis AWT205
A. cvlindrica NIES19
- M. aeruginosa NIES44
_I_— M. wesenbergii NIES111
M. wesenbergii NIES112

Microcystis sp. AWT105
_: M. holsatica NIES43

= Microcystis sp. AWT107
L Microcystis sp.AWT 104
Synechococcus sp.

« M. aeruginosa PCC7806
_:. M. viridis NIES102

e M. aeruginosa PCC7005

b M. ateruginosa PCC7820
Oscillatoria NIES207
Oscillatoria NIES204
M. aeruginosa NIES89

' M. aeruginosa NIES98

Organisms called
Microcystis should
all have the most
similar DNA sequences

Sister sequences
should be from the
same species and

genus

Conclusion:
Some of the cyanos
whose DNA sequences
are in the GenBank
database were
mis-named using the
current morphological
approach. This reflects
widespread problems
with morphological ID.




The problem with morphological ID

Microcystis can assume widely
different colony morphologies that have
confused attempts at species ID

Otsuka et al. have recommended that
species ID of Microcystis be
discontinued, and that the species M.
aeruginosa, M. ichthyoblabe, M.
wesenbergii, M. viridis, M. novacekii, M.
flos-aquae, M. pseudofilamentosa be
merged and referred to as Microcystis
aeruginosa.

Otsuka et al. J. Gen. Appl. Microbiol. 46 (2000):39-50




The problem with morphological ID

Microcystis colonies

Fresh sample Sample treated with Lugol’s

Colony disruption during preservation makes ID more difficult




Genetic analysis of cyanobacterial blooms:
many research studies but not yet used for making
public health decisions
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Molecular characterization of cyanobacterial diversity in
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Introduction

The microbial community in the water column of marine
and freshwater ecosystems is thought to be less complex
than microbial communities in soils and sediments (Tors-
vik ef al., 2002; Weinbauer and Rassoulzadegan, 2004)
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monitoring: Action criteria (OR DHS)

Cyanobacteria: 100,000 il
Microcystis or Planktothrix:
40,000 il
Microcystin: 8 ppb recreational exposure

1 ppb drinking water

A. flos-aquae UTEX3214 TOXin analyses

Anabaena WC1
A. flos-aquae UTEX9834

A. circinalis UTEX6531 - - _ -
o | MAPID | Stafon | Microcystin| __Cell Count- Cell Density
e BTREHE | A [ ORer | =060 [ NoScum-LowDenst
| B | Campground Some Scum - Moderate Densit
“ Regatta Grounds No Scum - Moderate Densit
Some Scum - Moderate Densit
Sand Paint No Seum - Low Density
East D.L. State Park _ Some Scum - Moderate Density
nud Lake ru oderate Scum - Moderate Density
"2 [ | 45 [osun-lwbey
Phvtoplankt 3 | W ﬁ.rrn No Scum - Low Density
ytoplankton .
i n Southern End No Scum - Low Density
analyses I T
= | 6 | DeepestPoint Some Scum - Moderate Density

Mote: Microcystin is only one of the many toxins produced by cyanobacteria. These tests results
are only a snap-shot in time and are provided for guidance only. Conditions may change quickly.




cyanobacterial database

Willow Creek Reservoir, Heppner
Collection: June 10, 2008

Morphological ID: Anabaena flos-aquae

Genotypic ID: Anabaena WC1 1 TTE:TII:ATEITSE TEACAGCTTA T:;ITIT:I;IT:: LlTlTH:lﬁllT
16S rDNA 121 o o ATG
rDNA ITS 241 716 ;

thcocvanin CD CB A -:l.:l AGGTGCGETT GCTGGOGCCT ATATCGCCGA I::ATE:»'«EEGA'?

A. flos-aquae UTEX3214
Anabaena WCH1

A. flos-aquae UTEX9834
A. circinalis UTEX6531

A.cylindrica UTEX5342




Why a genetic database

and DNA-based monitoring?
What can this do for lake/water managers?

More accurate bloom identification
* species and strain identification + quantitation

» high resolution comparison between lakes
(e.g., are the same bloom strains present in adjacent watersheds?)

* detection of toxin genes: early-warning detection

» establish a more accurate understanding
of bloom populations: anticipate problems, detect trends

High-throughput detection

* more sampling, quicker, cheaper
(more sites, different depths)




Sample collection

Storage & shipping on ice, not preserved

Preservation (Lugol's, glutaraldehyde) may result in
decreased mailing costs




Sample preparation

Samples are filtered for immediate use or storage in freezer
for subsequent DNA extraction

0.45 micron glass fiber filter 0.22 micron Millipore filter




Polymerase Chain Reaction: PCR

Denaturation and
Cycle 1 l annealing primers

l Elongation primers

Denaturation and
l annealing primers

l Elongation primers

Cyde3-30 |




Cyano-HAB PCR targets

There are multiple options that can be considered

* PCR designed to detect all HAB-forming cyanobacteria
* PCR directed at particular genera or species

* PCR follwed by DNA sequencing

« Quantitative PCR to measure gene numbers

There are several common gene targets:

 16S ribosomal RNA

o ITS, ribosomal RNA internal transcribed spacer
* cpcBA phycocyanin intergenic spacer

» mcy and other toxin biosynthetic genes

* nif nitrogen fixation genes




DNA sequencing

DNA sequencing of cloned DNA (up to 700 run length)

FFC TC TT Iilfw' T TTGT
170

TCCTCOCGOGCCCCCATOOCGGCOCCCLCGAATTCCATTCCTACCGCAGGCA
CCAGTOLLCAATTTTCCGCAATGLOGCOGAAALCCTCACCGAGCAATACCGE
CTCAGLGAAGAACCGCTCTTCOOTTOTAAACCTCTTITCTCACGLAAGAAA
AAAATCACGOGTACCTCGACCAATAACCATCGLCTAACTCCOTLCCAGCALC
CCCCOTAATACGCACCATCGCAAGCCTTATCCOGAATGATTGLCGCOGTAAAG
COTCCCCAGCTOCCATTCTAAGTCTCCTCTTAAACAGTCTCCCTCAACCA
CATAAAACCACTCCAAACTACAAACCTACACTATOOTCCOGGCCACAGLCGA
ATTCCTGLTCTAGCCGTCGAAACGCGTACATATCAGCAAGAACACCGLTGG
CCAAGCCOCTCTGCTACGCCAAAACTCACACTCAGCGGACCGAAAGCTAGCG




Case study: genetic studies of

Microcystis population in Klamath
River (Dreher lab at OSU)

Goal: genetically describe the cyanobacterial population
in Klamath waters, esp. in Copco Reservoir, but also in
Iron Gate Reservoir and Upper Klamath Lake

e initial focus on toxic Microcystis in Copco Res.

« apply info and techniques to develop assays

useful for management decisions




Copco Reservoir sampling sites

UKL ~_

_OR
CA \
Copco Res.
{ ~

Klamath R.




Copco Microcystis bloom
Conventional cell counts and toxin analysis
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Data from Kann & Corum, 2009




Copco Microcystis bloom
Conventional cell counts and toxin analysis

Decline
Aug — Sept
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Decline in mcyB gene copy number

Decline
Aug - Sept
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Quantitative Tagman PCR assay for Microcystis mcyB and cpcBA




Genetic typing of the Microcystis
population

Collect population on a filter by filtering lake water sample

PCR amplity target gene sequences, produce clone
library and determine individual sequences

* ITS, ribosomal DNA internal transcribed spacer
* cpcBA, phycocyanin intergenic region
» microcystin toxin synthetic gene mcyA




Copco Reservoir Microcystis genotypes

ITS sequences cpcBA sequences

B




Copco Reservoir Microcystis genotypes
Relationship to isolates from other locations

ITS sequences




Copco Reservoir Microcystis genotypes

ITS sequences cpcBA sequences

B




Genetic structure of Microcystis population:
ITS subgroup 1 (Copco Reservoir)

< 491 nt ITS amplicon >
30 different sequences

# nt diffs # occurrences
Non-group 1 3 17

|3
|2
1o

<€ Consensus 40
sequence




Genetic analysis at the Microcystis
ITS gene locus (Copco Reservoir)

Subgroups are: ¢ well separated ¢ tightly clustered ¢ dominated by single sequences

Such population structure is amenable to subgroup-specfic monitoring




Population turnover during season: cpcBA

Temporal change in relative abundance
of cpcBA sequence groups

Major turnover
late Aug — mid Sep
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Population turnover during season:

Temporal change in relative abundance
of ITS sequence groups

T~ 7 7 X Major turnover
\late July — late Aug

Group 2
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Copco Reservoir Microcystis genotypes

ITS sequences cpcBA sequences

B

Early season] || - Early season] [
June - Aug [ e June - Aug

e Late season
Late season Sep - Oct
mid Aug - Oct | |




Upper Klamath Lake and Copco Reservoir Microcystis

genotypes are closely related
ITS cpcBA

R -

Upper Klamath
Lake sequences

Other colored

Copco Res.




It is time ....

* To build a genetic database of
cyanobacterial blooms

* To work at implementing genetic
(DNA-based) analyses into routine
monitoring



Application of cyano-HAB genetic ID

Accurate identification

Differentiate toxic from non-toxic strains and track
abundance

Track population dynamics during seasonal bloom
development, esp. with respect to toxin production

Explore relationship between blooms in different water
bodies

Use in assessing the success of treatment options




